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SYNTHESIS OF ACID ADDITION SALTS OF HYDROXYLAMINES 



This invention relates to novel diastereoisoraeric acid addition salts of homochiral 
hydroxylamines, to processes for obtaining such, to processes for the conversion 
thereof to the corresponding homochiral hydroxylamines, to certain novel 
10 homochiral hydroxylamines and to processes for using these as intermediates. 

Substituted hydroxylamines having an organic radical which has a chiral center 
will exist as a raceraic mixture of the (+)- and (-)- enantiomers. For certain uses, 
such as a drug per se or as an intermediate in preparation thereof, it is increasingly 
15 important for regulatory purposes to be able to provide a single enantiomer, rather 
than the racemate. Accordingly, processes for obtaining such are being actively 
investigated. 

In general, classical resolution techniques have taken advantage of the presence in 
20 the molecule of a functional group which may be used as a handle for the 

formation of a covalent or ionic bond. Thus, the raceraic mixture may be reacted 
with a homochiral reagent to give a mixture of diastereoisomeric adducts which 
may then be separated by conventional techniques such as chromatography or 
fractional crystallization. The initial adduct forming reaction is then reversed on 
25 each of the isolated diastereoisomers, to yield the individual enantiomers. By way 
of example, a hydroxyl group in the compound of interest may be used to form an 
ester with a homochiral acid. Alternatively, if a suitable group is present in the 
compound of interest, ionic acid/base addition salts may be formed. Thus, a 
racemic amine may be treated with a homochiral acid (or vice versa) to form a 
30 pair of diastereoisomeric acid addition salts. More recently, use has been made of 
high performance liquid chromatography (hplc) in which the stationary phase is 
homochiral, thereby forming diastereoisomeric interactions in situ as the racemic 
material is eluted through the column. 

35 " In the past, it has been suggested that certain homochiral hydroxylamines may be 
obtained from homochiral precursors, for instance the corresponding homochiral 
amine or alcohol or via the intermediacy of diastereoisomeric adducts formed 
with, for instance, the N-chlorocarbonyl derivative of a homochiral oxazolidinone. 
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See for example, PCT application no. WO 91/14774, (SmithKline Beecham) and 
the references cited therein. 

We have now found that horaochiral hydroxylamines may be obtained by a more 
5 direct process which does not involve the intermediacy of a covalently bonded 
diastereoisomeric adduct but instead takes advantage of the ability of a 
hydroxylamine to form acid addition salts. In particular, the combination of a 
raceraic hydroxylamine and a horaochiral organic acid will lead to the formation 
of a pair of diastereoisomeric acid addition salts. While such an approach has 
10 previously been used for amines, it has not yet, as far as we are aware, been 
applied to a hydroxylamine. 

Accordingly, the present invention provides a diastereoisomeric acid addition salt 
of the formula (II): 

15 

[R*NHOZ][HA*] (II) 

in which R*NHOZ is an enatiomeric hydroxylamine of the formula (I) wherein 
R* is an organic radical which contains a chiral carbon to which the NHOZ is 
20 attached, and Z is hydrogen or a hydroxyl protecting group; and HA* is a 
homochiral organic acid , 

The asterisk * is used herein to denote chirality. 

25 It will be appreciated that each of the homochiral hydroxylamines of formula (I) 
and the homochiral organic acid HA* may be either the (+)- or the (-)-enantiomer. 
It will be further appreciated that each diastereoisomeric salt of formula (II) may 
be one of four possible combinations viz. the (+)(+), (+)(-), (-)(+) and (-)(-) 
[(hydroxylamine)(acid)] combinations. This invention covers all such 

30 possibilities. 

Suitable homochiral hydroxylamines of the formula (I) include homochiral 
organic radicals R* which contain a chiral carbon (C*) to which the 
hydroxylamine group NHOZ is attached and Z is as defined in relation to formula 
35 (I). 



Examples of suitable such homochiral organic radicals (R*) of formula (I) include 
compounds of the formula (A): 
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in which one of R2 and R3 is hydrogen; and the other is the chiral carbon (C*) to 

which the hydroxylaraine group -NHOZ is attached; 

W is CH 2 (CH 2 )s, 0(CH 2 ) s , S(CH 2 ) S , or NR4(CH 2 ) S ; 

R4 is hydrogen, (Ci-4)alkyl, phenyl, (Ci-6)alkanoyl or aroyl; 

s is a number having a value of 0 to 3, provided that when R 2 is hydrogen and W 

is 0(CH 2 ) s or S(CH 2 ) S , then s is 1 to 3 and when W is NR4(CH 2 ) S then s is 1 

to 3 and R3 is hydrogen; 
R\ is selected from the group consisting of hydrogen, (Ci-io)alkyl, 

(Ci-io)alkoxy, naphthyl, (CH 2 ) m -Ar-(X) v , (CH 2 ) m (C=C) n (CH 2 ) p -Ar.(X) v , 

OCCH^Ar-QOv, SCCH^-Ar-PQv, or NtCH^-Ar-Wv; 
p is a number having a value of 0 to 3; 
m is a number having a value of 0 to 3; 
n is a number having a value of 0 to 3; 
v is a number having a value of 0 to 3; 

Ar is selected from the group consisting of phenyl, naphthyl, quinolyl, 

isoquinolyl, pyridyl, furanyl, imidazoyl, benzimidazoyl, triazolyl, oxazolyl, 
isoxazolyl, thiazolyl, or thienyl; 

X is a member selected from the group consisting of hydrogen, halogen, 
(Ci-io)alkyl, (C5-8)cycloalkyl, (C 2 -io)alkenyl, hydroxy, carboxy(CHY)t, 
(Ci-io)alkoxy, (Cmo) alkylthio, (Ci-io)alkylsulphinyl, 
(Cm o)alkylsulphonyl, aryloxy , aryl(C 1 _6)alkyloxy, halo(C 1 -6)alkyl, 
hydroxy(Ci-6)alkyl, (R5) 2 N(CHY)t , > or cyano; provided that if v is a number 
greater than 1, then one substituent must be selected from alkyl, 
(C 1 . 1 o)alkoxy or halo; t is 0 or 1 ; 

R5 is hydrogen or (C 1 -6)alkyl; 

Y is hydrogen or (Ci-3)alkyl; 

t' is 0 or 1 ; and if t' is 1 than one of R5 must be hydrogen; 

or a salt, preferably a pharmaceutically acceptable salt, thereof; 



and compounds of formula (B): 

35 
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(B) 



wherein A'i contains a C* (chiral carbon adjacent to hydroxylamine group); 
Ai is a Ci-6 alkylene or C2-6 alkenylene group; 

Y is selected independently at each occurrence from hydrogen, halogen, hydroxy, 
cyano, halosubstituted alkyl, C1-12 alkyl, C2-12 alkenyl, C1-12 alkoxy, 
C3-8 cycloalkyl, C1-12 thioalkyl, aryl, aryloxy, aroyl, C1-12 arylalkyl, 
Cl-12 aiylalkenyl, C1-12 arylalkoxy, C1-12 arylthioalkoxy and 
substituted derivatives of aryl, aryloxy, aroyl, C1-12 aiylalkyl, C2-12 
arylalkenyl, Q-12 arylalkoxy, C1-12 arylthioalkoxy wherein substituents 
are selected from halo, nitro, cyano, C1-12 alkyl, alkoxy, and 
halosubstituted alkyl; 

n is 1 to 5; 

X is oxygen, sulfur, S(0)2 or NRi ; 

Rl is hydrogen, Ci-6 alkyl, Ci-6 alkanoyl, aroyl, or alkylsulfonyl; 

the dotted line within the five membered ring signifies a single or double bond; 

or a salt, preferably a pharmaceutical^ acceptable salt thereof; 

and compounds of formula (C): 



wherein: 
R3is Ai -R4-; 

Ai is C5.2O alkyl, cycloalkyl, aryl, aryloxy, arylcycloalkyl, aryloxy alkyl, 

arylalkoxyalkyl, arylthioalkyl, Aryl NH-alkyl, N-AryI-N-(alkylkamino alkyl), 
N-(Aryl-alkylamino alkyl), N-(Aryl-alkyl)-N-(alkyl amino)alkyl, heteroaryl, 
heteroarylalkyl, heterocyclyl, heterocyclyl alkyl; 

R4 is a bond, Ci-6 alkylene, C2-6 alkenylene, C2-6 alkynylene, aryl, heteroaryl, 
or C3.8 cycloalkyl; 

Rl and R2 are hydrogen, C1-4 alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, 
heteocyclyl, heterocyclylalkyl, or C3-8 cycloalkyl; provided that Rl, R2 and R3 
are not the same; 




(C) 
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C* denotes the chiral carbon to which the hydroxylaraine group (NHOZ) is 
attached; or a salt, preferably a pharmaceutically acceptable salt, thereof. 

For compounds within the scope of formula (B) and (C) the "alkylene" , 
"alkenylene", "alkynyl" chain as used herein may mean a straight or branched 
chain. Such groups include -CHCH3-, CH(CH2CH3)- , CH2CH2(CH3)-, 
CH2CH2(CH2CH3)-, and the like, -CH=CH-, CH=CHCH-(CH3), -C(CH3)=CH- 
and the like. A preferred group is -CHCH3-. For the compounds of Formula (B) 
and (C), the four groups on the carbon directly attached to the hydroxylaraine 
moiety must be direct so that the resulting compound is chiral. 

As indicated in the structure for Formula (C) the Ri , R2 and R3 terms must be 
different, preferably R3 is a A1-R4 wherein R4 is a C2-6 alkynyl group, C2-6 
alkylene, or a C2-6 alkenylene group. More preferably C2-6 alkynyl, or a C2-6 
alkenylene group. Most preferably a C2 alkynyl. Preferably one of Ri and R2 is 
hydrogen and the other a Ci-12 alkyl, more preferably methyl. 

In Formula (C) when Ai is a heteroaryl, the heteroaryl is preferably selected from 
an optionally substituted 2- or 3- furanyl, optionally substituted 2- or 3- thienyl, 
optionally substituted benzo(b) furyl, or optionally substituted benzo(b) thienyl. 
Preferably, when Ai is aryl it is an optionally substituted phenyl or naphthyl ring. 

A preferred substructure of Formula (C) is wherein Ai is optionally substituted 
phenyl, optionally substituted naphthyl, optionally substituted 2- or 3- furanyl, or 
optionally substituted 2- or 3- thienyl ; and preferably Ri and R2 are 
independently hydrogen, or Ci-6alkyl, aryl, heteroaryl or C3-8 cycloalkyl. 

Preferred optional substituents for the Ai moieties are as described in WO 
92/01682 published 6 February 1992 (Brooks et al.) whose disclosure is hereby 
incorporated by reference. More preferably the substituents are an optionally 
substituted aryl, or aryloxy. The preferred substituents on the aryl or aryloxy are 
independently, halogen, haloalkyl, alkoxy, alcohol or alkyl. More preferably 
halogen, specifically one or more fluorines. 

Compounds within the scope of formula (A) are disclosed in PCT publication 
W09 1/14774 (SmithKline Beecham) the disclosure of which is incorporated 
herein by reference. Compounds of formula (B) are disclosed in US Patent no. 
4,873, 259 (Summers et a/.)the disclosure of which is incorporated herein by 
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reference. Compounds of formula (C) are disclosed in WO 92/01682, published 
6 February 1992 (Brooks et al.) whose disclosure is hereby incorporated by 
reference. Additionally, compounds within the scope of Formula (C) are 
disclosed in EPO 0 384 594 A, published 19.08.90 (Wellcome Foundation) whose 



Preferably within the compounds of formula (A), Rj is selected from 
0(CH2)m-Ar-(X) v , (CH2) m -Ar-(X) v , or S(CH2)m-Ar-(X)v; m is a number 
having a value of 0 to 3; and v is a number having a value of 1 to 2. Preferably Ar 
is phenyl. Preferred X groups are hydrogen, alkoxy, halo, and CF3, preferably in 
the 4-position. More preferably, X is hydrogen.or halogen, preferably fluoro or 
chloro, more preferably fluoro. When disubstituted, the ring is preferably 
substituted by halogen, preferably in the 2,6-position. More preferably, X is 
fluoro or chloro, more preferably di-fluoro. 

Specific Ri groups of interest for compounds of Formula (I) are alkoxy, 
phenethyl, benzyloxy, phenoxy and substituted derivatives thereof. Specifically 
such groups are methoxy, phenoxy, benzyloxy, 4-methoxybenzyloxy, 

4- chlorobenzyloxy, 4-fluorophenoxy, 2,6-difluorobenzyloxy, 2-phenylethyl, 2- 
quinoylraethoxy, and 2-naphthylmethoxy. Preferably, W is CH2(CH2)s or 
0(CH2)s and s is a number having a value of 0 or 1. Preferably R3 is hydrogen. 
A preferred ring placement when W is CH2(CH2)s and s is 1 is on the 5- or 6- 
position of the benzofuran ring and when s is 0 the preferred position is the 4- or 

5- position; corresponding substitution patterns are also preferred when W is 
0(CH2) S , i.e., when s is 1, the 7- or 8- position, and when s is 0 the 6- or 7- 
position. 

Preferably within the compounds of formula (B), A is - CH2- or -C(CH3)H-; X is 
sulfur or oxygen; the dotted line is a double bond, and the Y terra is hydrogen. 
More preferably Al is C(CH3)H and X is sulfur. 

Preferably within the compounds of formula (C), Ri is independently hydrogen 
or methyl; more preferably one of Ri is hydrogen and the other is methyl; Al is 
an optionally substituted aryl or optionally substituted 2- or 3-furanyl, More 
preferably Ai is a 2-furanyl substituted by an optionally substituted phenoxy 
group. The phenoxy group is optionally substituted preferably by halogen, more 
preferably fluorine and more preferably in the 4-position. As US Patent no. 
4,873, 259 (Summers et al.) and WO 92/01682, published 6 February 1992 



disclosure is also incorporated by reference herein in its entirety. 
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(Brooks et al.) are incorporated herein by reference in their entirety the list of 
optional substituents disclosed therein for the compounds of Formula (IB) and 
(IC) will not be defined in greater detail herein. 

5 Examples of suitable horaochiral organic acids HA* include mild organic acids 
selected from among the homochiral acids conventionally used as resolving agents 
for racemic amines, for instance a dibasic acid such as (+)/(2R,3R)- or (-)/(2S,3S)- 
tartaric acid or a derivative thereof such as dibenzoyl- (2S,3S)- or (2R,3R)- 
tartaric acid or, more preferably, a monobasic acid such as (S)-(+)- or (R)-(-)- 

10 mandelic acid [C6H5CH(OH)C02H]. Mono derivatives of tartaric acid (or other 
dibasic acids) such as the mono esters or amides may also be used, similarly the 
derivatives of mandelic acid substituted on the benzylic hydroxyl group may also 
be used. Stronger organic acids such as camphorsulphonic acid should preferably 
be avoided. Suitable homochiral organic acids are readily available from the 

15 normal commercial suppliers. The organic acid should be a substantially pure 
homochiral enantiomer. It is preferable that the organic acid be at least 95% 
chirally pure or better, more preferably 97% or better, most preferably better than 
99% pure. 



20 The term "hydroxyl protecting group" is used herein to describe those groups well 
known in the art which may used to protect a hydroxyl group and which may be 
added to and removed from the substrate molecule without disturbing the 
remainder of the molecule. Suitable examples thereof are given in "Protecting 
Groups in Organic Chemistry", Greene T. W., Wiley, New York, 1981. Preferred 

25 values for the hydroxyl protecting group Z include optionally substituted benzyl, 
methyl(Ci-3)alkoxy, methylethoxy(Ci-3)alkoxy, lower alkoxycarbonyl, 
tetrahydropyranyl, lower alkanoyl, aroyl, trialkylsilyl and trialkylsilyl- 
ethoxymethyl. 

30 The terms "aryl" or "heteroaryl" are used herein and unless otherwise defined to 
mean substituted and unsubstituted aromatic ring(s) or ring systems containing 
from 5 to 16 carbon atoms, which may include bi- or tri-cyclic systems and may 
include, but are not limited to, heteroatoms selected from O, N, or S. 
Representative examples include, but are not limited to, phenyl, naphthyl, pyridyl, 

35 quinolinyl, thiazinyl, 2- or 3-thienyl and 2- or 3-furanyl, benzo(b) furyl or 
benzo(b) thienyl. 
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The terms "lower alkyl" or "alkyl" are used herein and unless otherwise defined to 
mean straight or branched chain radicals of 1 to. 10 carbon atoms, unless the chain 
length is otherwise limited, including, but not limited to methyl, ethyl, n-propyl, 
iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, and the like. 

5 

The term "aroyl" is used herein to mean ArC(O)-, in which Ar is as defined in 
Formula (A), including, but not limited to benzyl, 1- or 2-naphthyl and the like. 



The term "alkanoyl" is used herein to mean (Ci-io)C(O)-, in which alkyl is as 
10 defined above, including but not limited to methyl, ethyl, isopropyl, n-butyl, t- 
butyl, and the like. 

The term "cycloalkyl" is used herein to mean cyclic radicals, preferably of 3 to 8 
carbons, including but not limited to cyclopropyl, cyclopentyl, cyclohexyl, and the 
15 like. 

The skilled person will appreciate that for any given racemic hydroxylamine, 
some homochiral organic acids will be more effective as resolving agents than 
others. Suitable combinations will be readily determined by the skilled man by 
20 simple experiment, the preferred combinations being those which allow for more 
effective purification of the diastereoisomeric acid addition salts. 

Examples of suitable diastereoisomeric acid addition salts of formula (I) include: 

25 (S)-N-(6-benzyloxy-2,3-dihydrobenzofuran-3-yl)hydroxylaraine(S)-mandelate; 

(R)-N-(6-benzyloxy-2,3-dihydrobenzofuran-3-yl)hydroxylaraine (S)-mandelate; 

(S)-N-(6-benzyloxy-2,3-dihydrobenzofuran-3-yl)hydroxylamine (R)-raandelate; 

(R)-N-(6-benzyloxy-2,3-dihydrobenzofuran-3-yl)hydroxylamine (R)-mandelate; 

(S)-N-(6-[2,6-difluoro-benzyloxy]-2,3-dihydrobenzofuran-3-yl)hydroxylamine 
30 (S)-mandelate; 

(R)-N-(6-[2,6-difluro-benzyloxy]-2,3-dihydrobenzofuran-3-yl)hydroxylamine 
(S)-mandelate; 

(S)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylamine (S)-mandelate; 
(R)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylamine (S)-mandelate. 
35 (S)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylamine (R)-mandelate; 
(R)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylamine (R)-mandelate; 
(S)- N-(4-[5-(4-Huorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine 
(S)-mandelate; 
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(R)- N-(4-[5-(4-Fluorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine 
(S)-raandelate; 

(S)- N-(4-[5-(4-Fluorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine 
(R)-mandelate; or 

5 (R)- N-(4-[5-(4-Fluorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine 
(R)-mandelate. 

(E)-N-3[3-(4-Flurophenoxy)phenyl-l-methyl-prop-2-en-l-yl]hydroxylamine 
(S)-mandelate; 

(E)-N-3[3-(4-Flurophenoxy)phenyl-l-methyl-prop-2-en-l-yl]hydroxylamine 
10 (R)-mandelate; 

Alternate nomenclature for the (4-[5-(4-Fluorophenoxy)-2-fuiyl]-3-butyn-2-yl] 
moiety is 3-[5-(4-Fluorophenyl)-2-furanyl]-l-raethyl-2-propanyl. 

15 While the diastereoisomeric acid addition salt of formula (I) may be trivially 
formed by treating the corresponding homochiral hydroxylamine with a 
homochiral organic acid HA*, it will be readily appreciated that more usually the 
salt will, be obtained as an intermediate product in the resolution of the 
corresponding racemic hydroxylamine. Thus the more usual starting material will 
20 be the corresponding racemic hydroxylamine. In addition, a further useful starting 
material may be the partially resolved hydroxylamine which may have been 
obtained as a result of a previous incomplete attempt to resolve the hydroxylamine 
via, for instance, the formation of the same or a different diastereoisomeric acid 
addition salt 

25 

Accordingly, the present invention further provides a process for preparing a 
diastereoisomeric acid addition salt of formula (I) as hereinbefore defined which 
process comprises treating the corresponding racemic or partially resolved 
hydroxylamine with a homochiral organic acid HA* in a suitable solvent, such as 
30 alcohols or ethyl acetate, to form a pair of diastereoisomeric acid addition salts 
which may then be separated by any suitable means, for instance fractional 
crystallization. 



Preferably, substantially equivalent amounts of the hydroxylamine and the organic 
35 acid are employed. If the organic acid is dibasic, then preferably a monohydrogen 
salt is formed. Preferably, the organic acid is mandelic acid. While a 1:1 ratio is 
preferable a 2:1 ratio has also been successful in this process. 
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Suitable solvents include those normally used in acid addition salt formation, such 
as ethyl acetate, acetonitrile, acetone, or an alcohol optionally with acetic acid, for 
instance methanol, ethanol or isopropanol, preferably methanol or ethanol, and 
more preferably methanol with acetic acid. Preferably the solvents are ethyl 
5 acetate or methanol with acetic acid. 

Preferably, a solvent is selected such that following initial salt formation, one of 
the diastereoisomeric salts selectively precipitates out, thereby effecting at least 
partial separation. Alternatively, it may be preferred to either wholly or partially 
10 replace the initial salt formation solvent by another, to allow more effective 
separation by fractional crystallization. 



Preferably, salt formation is carried out with efficient stirring and temperature 
control, so that, if a suitable solvent is chosen, fractional crystallization may occur 
15 in a controlled fashion. 

The skilled person will appreciate that substantially complete separation of the 
diastereoisomeric acid addition salts may not be achieved in a single step and that 
accordingly it may be necessary to process the impure salt through further 

20 separation steps until the desired level of purity is obtained. If fractional 

crystallization is being used, this may involve changing solvent from that used in 
the initial salt forming step. The diastereoisomeric purity of the salt may be 
readily monitored through physical parameters such as the melting point of the 
salt or by use of *H nmr spectroscopy. Alternatively, the free hydroxylamine may 

25 be generated from the salt and the optical rotation thereof measured or it may be 
assayed by hplc using a chiral stationary phase or by nmr spectroscopy using a 
chiral shift reagent. Optimization of the crystallization step herein, such as by 
seeding the solution with the preferred diasteriomeric form may allow for direct 
crystallization as opposed to recrystallization. 

30 

Diastereoisomeric salts of formula (I) are of use as intermediates in the 
preparation of the corresponding homochiral hydroxylamines. 

Accordingly, in a further aspect the present invention provides a process for 
35 preparing a homochiral hydroxylamine of the formula (I) as hereinbefore defined 
[R*NHOZ], or a salt thereof, which process comprises treating a diastereoisomeric 
salt of formula (II), as hereinbefore defined [R*NHOZ][HA*], with a suitable base 
in a suitable solvent and preferably with control of pH and temperature, to generate 
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the corresponding homochiral hydroxylamine which may then be separated from the 
organic acid, as hereinbefore defined [HA*] by extraction into a suitable organic 
solvent Another advantageous aspect of the present invention is the recovery of the 
horaochiral acid in this process, allowing for reduced costs as the acid can be 
5 reused. 

Suitable bases include mild amine bases such as aqueous ammonium hydroxide. 
Suitable solvents include water. 

10 It will be appreciated that within the compounds of formula (II) there exists a 
subset of compounds which are novel and also useful as intermediates. 

Accordingly, in a further aspect the present invention provides homochiral 
hydroxylamines of the formula (IE): 



15 



(R*)lNHOZ (HI) 

in which Z is as defined for Formula (I) and 

a) (R*)i is a homochiral organic radical of the formula: 

N 




20 

(mA) 

wherein Ai contains the C* (chiral carbon adjacent to hydroxylamine group); 
Ai may be a Ci-6 alkylene or C2-6 alkenylene group; 

Y is selected independently at each occurrence from hydrogen, halogen, hydroxy, 
25 cyano, halosubstituted alkyl, C1-C12 alkyl, C2-C12 alkenyl, C1-C12 

alkoxy, C3-C8 cycloalkyl, C1-C12 thioalkyl, aryl, aryloxy, aroyl, C1-C12 
arylalkyl, C1-C12 arylalkenyl, C1-C12 arylalkoxy, C1-C12 arylthioalkoxy 
and substituted derivatives of aryl, aryloxy, aroyl, C1-C12 arylalkyl, 
C2-C12 arylalkenyl, C1-C12 arylalkoxy, C1-C12 arylthioalkoxy wherein 
30 substituents are selected from halo, nitro, cyano, C1-C12 alkyl, alkoxy, 

and halosubstituted alkyl; 
n is 1 to 5; 

X is oxygen, sulfur, S(0)2 or NRi ; 

Rl is hydrogen, Ci-6 alkyl, C]-6 alkanoyl, aroyl, or alkylsulfonyl; 
35 the dotted line within the five membered ring signifies a single or double bond; 
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or a salt, preferably a pharmaceutically acceptable salt thereof; or 

b) in which (R*)i is a horaochiral organic radical of the formula: 



wherein: 

Ai is C5-20 alkyl, cycloalkyl, aryl, aryloxy, arylcycloalkyl, aryloxy alkyl, 
arylalkoxyalkyl, arylthioalkyl, Aryl NH-alkyl, N-Aryl-N-(alkylkamino alkyl, 
N-(Aryl-alkylamino alkyl), N-(Aryl-alkyl)-N-(alkyl araino)alkyl, optionally 
substitued 2- or 3- furyl, optionally substitued 2- or 3- thienyl, optionally 
substitued benzo(b) furyl, or optionally substitued benzo(b) thienyl; 

Rl is hydrogen or Ci-2 alkyl; 

or a salt, preferably a pharmaceutically acceptable salt thereof. 

Examples of such suitable homochiral (R*)i moieties include: 
(+> and (-)-N-3-(6-benzyloxy-2,3-dihydnobenzofuryl); 
(+)- and (-)-N-[4-[5-(4-fluorophenoxy)-2-furyl]-3-butyn-2-yl]; or 
(+)- and (-)-N-3-(6-[2,6-difluorobenzyloxy]-2,3-dihydrobenzofuryl). 

Examples of the resulting suitable homochiral hydroxylamines from formulas 
(mA) and (mB) include: 

(S)-N-(6-benzyloxy-2,3-dihydrobenzofuran-3-yl)hydroxylamine; 

(R)-N-(6-benzyloxy-2,3-dihydrobenzofuran-3-yl)hydroxylamine; 

(S) -N-(6-[2,6-difluorobenzyloxy]-2,3-dihydrobenzofuran-3-yi)hydroxylamine; 

(R) -N-(6-[2,6-difluorobenzyloxy]-2,3-dihydrobenzofuran-3-yl)hydroxylamine; 

(+)- and (-)-N-[4-[5-(4-fluorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine. 

Homochiral hydroxylamines of formula (IIIA) and (USB) may be obtained as 
hereinbefore described for homochiral hydroxylamines of formula (I). 

Horaochiral hydroxylamines may be usefully used as intermediates in the 
preparation of inter alia the corresponding homochiral hydroxyurea and 
hydroxamate derivatives. 




(mB) 



Accordingly, in a further aspect the present invention provides a process for 
preparing a homochiral compound of the formula (IV): 
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(R*)lN(OZ)CYiR6 



(IV) 



in which (R*)i is as defined in relation to formula (IIIA) and (mB), and Z is as 

5 defined in formula (I); 
Yi is oxygen or sulfur; 

R6 is (Ci-6)alkyl, halosubstituted(Ci-6)alkyl, hydroxy substituted(Ci-6)alkyl, 
(C2-6)alk&nyl, aryl or heteroaryl optionally substituted by halogen, 
(Ci-6)alkyl, halosubstituted(Ci-6)alkyl, hydroxyl or (Ci-6)alkoxy; or R6 is 
10 the group NR7R8; 

R7 is hydrogen or (Ci-6)alkyl; 

Rg is hydrogen, (Ci-6)alkyl, aryl(Ci-6)alkyl, (Ci-6) alkyl substituted by halogen 
or hydroxyl, aryl or heteroaryl optionally substituted by a substituent selected 
from the group consisting of halo, nitro, cyano, (Ci-I2)alkyl, (Ci-6)alkoxy, 

15 halo(Ci-6)alkyl, (Ci-6)alkoxycarbonyl, aminocarbonyl, (Ci-6)alkylamino- 
carbonyl, di(Ci-6)alkylaminocarbonyl, (Ci-6)alkylthio, (Ci-6)alkylsulphinyl 
or (Ci-6)alkylsulphonyl; or R7 and Rg may together form a ring having 5 to 7 
ring atoms, which ring atoms may optionally include a further heteroatom 
selected from oxygen, sulfur or nitrogen; 

20 or a salt thereof, preferably a pharmaceutically acceptable thereof; 

which process comprises treating a homochiral hydroxylamine of formula (III) as 
hereinbefore defined with a reagent capable of transforming a hydroxylamine 
functional group into a hydroxyurea or a hydroxamate. 



Such reagents are well known in the art and include those described in US patent 
No. 4,873,259 (Summers et al). Useful reagents include trimethyl silyl 
isocyanate, alkali metal cyanate, phosgene or a phosgene equivalent followed by 
ammonia or an amine (for a hydroxyurea) or an acylating agent such as an acyl 
30 chloride or an acid anhydride (for a hydroxamate). 

In more detail, suitable processes for preparing a hydroxyurea of formula (IV) 
include treating a compound of formula (SB) as described above in which Z is 
hydrogen or a hydroxyl protecting group, with: 
35 (i) trimethylsilyl isocyanate, followed by work up with ammonium chloride; 

(ii) sodium or potassium cyanate in an acidic solution; or 

(iii) gaseous hydrogen chloride, followed by phosgene or a phosgene equivalent 
(to give the corresponding carbamoyl chloride intermediate) or an 



25 
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alkylchloroforraate, such as ethyl chloroformate (to give the corresponding 
carbamate intermediate) and then treating the intermediate with aqueous ammonia 
or a substituted amine ; and then if necessary and so desired, removing the 
protecting group Z. 

5 

Suitable processes for preparing a hydroxamate of formula (TV) include treating a 
compound of formula (HI) as described above in which Z is hydrogen or a 
hydroxyl protecting group, with an acylating agent such as an acyl chloride, for 
instance acetyl chloride, or an acid anhydride in an organic solvent and optionally 
10 in the presence of a base and thereafter and if necessary, removing the protecting 
group. 

Suitable examples of protecting groups Z for use in compounds of the formula (I), 
(II), (IE), and (TV) in the above processes, with, methods for the cleavage thereof 
15 in parenthesis, include: 

(i) benzyl, substituted benzyl or a benzyl carbonate (hydrogenolysis or with 
ethane thiol in the presence of aluminium trichloride); 

(ii) trialkylsilyl or trialkylsilylethoxyraethyl (anhydrous amine fluoride or 
mildly acidic conditions); 

20 (iii) tetrahydropyranyl, (Ci-3)alkoxy(C i)alkyl or (Ci-3)alkoxy(C2)alkoxy- 
(Ci)alkyl (mild acid treatment, such as pyridinium 4-toulenesulphonate in 
methanol or dilute HC1); 

(iv) t-butyloxycarbonyl (trifluroracetic acid, trimethylsilyitrifilate with 2,6- 
lutidine, or anhydrous ethereal HC1); and 
25 (v) a lower alkanoyl or aroyl group (suitable base, such as potassium 
carbonate). 

This invention will now be described by way of the following examples which are 
merely for the purposes of illustration and in no way intended to limit the scope of 
30 the invention. 



EXAMPLE 1 
( RVN-Hvdrox v-N-f 1 -benzorblthien-2-vl-eth vtturea 

35 a). (RVN-Hvdroxv-N^l-benz orblthien-2-vl-ethvnamine (S)-mandelate 

20.0g (0.103 mole) of racemic N-hydroxy-N-(l-benzo[6]thien-2-yl-ethyl)amine 
and 200 ml of MeOH (heated on the steam bath), followed by a solution of 15.75 
g of (S)-(+)-mandelic acid in 25 ml of MeOH (added all at once). Heated with 
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stirring an additional 5 minutes, then allowed to slowly cool to R.T. (overnight), 
chilled in an ice bath 1 hr, filtered, collected and dried to give 5.13 g (14.4% 
yield) of the (R)-hydroxylamine (S)-(+)-raandeIate. TLC one spot, chiral HPLC 
greater than 99%. 

b) . (RVN-Hvdroxv-N-f 1 -benzorblthien-2-vl-ethvttamine 

5.13 g of the (R)-hydroxylaraine (S)-(+)-mandelate salt taken up in EtOAc, water 
added, cooled, followed by addition of cone. NH4OH with stirring to pH~9X). 
Layers separated, and the aqueous extracted with EtOAc (2X). EtOAc combined, 
washed with water, dried, and concentrated on the roto-vap to give 2.72 g (13.6% 
yield) from racemic mixture starting material. Chiral HPLC greater than 99%; 
TLC one spot. Mp. = 107-8°C. 

c) . (RVN-Hvdroxv-N-n-benzor61thien-2-vl-ethvnurea 

2.72 g (0.014 mole) of (R)-N-Hydroxy-N-(l-benzo[b]thien-2-yl-ethyl)amine and 
27 ml of THF, followed by 3.0 ml (0.021 mole) of TMS isocyanante and heated to 
reflux for 0.5 hr, cooled to 5°C in an ice bath and the resultant solid filtered off. 
The filtrate concentrated, taken up in a minimum of DMF, decolorized with 
activated carbon, Darco®, treated with ice and the resultant solid collected and 
dried, and combined with above to give 2.9 g crude hydroxyurea. Material 
recrystallized from CH3CN (2X) to give 1.71 g (51.7% yield). HPLC: 99.4% 
[a]D=+50.7° (C=1.7, MeOH, 25°C); Mp. = 156-8°C. 

EXAMPLE 2 
(S)-N-HydrQxy-N-(l-b^^[b1tfiien-2-yl-ethyt)\irga 

a), f S VN-Hvdroxv-N-f 1 -benzofbl thien-2-vl-ethvPamine (RVmandelate 
16.7 g (0.086 mole) of racemic N-Hydroxy-N-(l-benzo[b]thien-2-yl-ethyl)amine 
and 167 ml of MeOH (heated on the steam bath), followed by a solution of 13.15 
g (0.086 mole) of (RM-)-mandelic acid in 25 ml of MeOH (added all at once). 
Heated with stirring an additional 5 minutes, then allowed to slowly cool to R.T. 
(overnight), chilled in an ice bath one hr., filtered, collected, and dried to give 
13.15 g (44.3% yield) of the (S) hydroxylamine(R)-(-)-mandelate. TLC one spot, 
chiral HPLC greater than 99%. 



b). (g)-N-Hydrp^y-N-fl-benzQrb1thien-2-yl-ethyl)amine 

13.15 g (0.038 mole) of the (S) Hydroxylamine(R)-(-)-mandelate salt taken up in 

EtOAc, water added, cooled, followed by addition of cone. NH4OH with stirring 
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to pH~9.6. Layers separated, and the aqueous extracted with EtOAc (2X). EtOAc 
combined, washed with water, dried, and concentrated on the roto-vap to give 

5.5 g of the (S)Hydroxylaraine, (32.9% yield) from the racemic starting material. 
Chiral HPLC greater than 99%; TLC one spot. Mp. = 1 10-1 1 1°C. 

c). (SVN-Hvdroxv-N-f 1 -benzofbl thien-2-vl-ethvtturea 
5.25 g (0.027 mole) of (S)-N-Hydroxy-N.(l-benzo[6]thien-2-yl-ethyl)amine and 
53 ml of THF, followed by 5.8 ml (0.041 mole) of TMS isocyanate and heated to 
reflux for 0.5 hr, cooled rapidly to 5 9 C in an ice bath and the resultant solid 
filtered off. The filtrate concentrated and the residue taken up in a minimum of 
DMF, decolorized with activated carbon, Darco®, treated with ice and the 
resultant solid collected, dried and combined with above to give the crude 
hydroxyurea. Recrystallized from CH3CN (2X) to give 3.01 g (47.2% yield). 
HPLC: 99.1%; W ^° =50.7° (C = 1.7, MeOIi); Mp. = 158-160°C. 

EXAMPLE 3 

(S)N-r6-Benzvloxv-2.3-dihvd robenzofuran-3-vn-hvdroxvlamin& 

a) Resolution of Hvdroxvlamine via D-Tartrate Salt 

A portion of 6-Ben2yloxy-3-(N)-hydroxyIamino-2,3-dihydrobenzofuran 
(0.88 g) was dissolved in 30 ml MeOH with heating, the solution cooled 
somewhat and a solution of (.514 g. ) D-(S,S) tartaric acid in 10 ml MeOH was 
added in one portion with stirring. Rapid crystallization occurred, and the solid 
and supernatant were stored overnight at ca 5°, then filtered and air-dried (yield 

1.6 g). This was stirred with 20 ml. AcOH and the mixture heated to 65-70° at 
which point a complete solution occurred. The solution was chilled to ca 10° and 
scratched to give a crystalline solid. After stirring a few minutes the solid was 
filtered and air dried to give 314 mg (45% ) of first crop material, m.p. 169-170° 
dec. Second crop - 70 rag (10%) m.p. 166-168° dec. 

A 19 rag portion of the first crop was dissolved in aq. NH4OH containing 
some MeOH and the solution was extracted with EtOAc. Cone, of ethyl acetate 
extracts give 12 mg of solid residue. Assay by chiral HPLC - Chiralpak AD 
(amylose) column 25 cm, mobile phase 90% Hexane, 10% (CH3)2CHOH, flow 
rate 1 ml/min. Results: 25.2 min - (95%, 30.7m-4.1% (91.8% e.e.) [a]25° + 
18.6°) Estimated M 2 D°100%e.e. material: (+)20.3°. 

b) Conversion of Hvdroxvlamine to Hydroxyurea 

A portion of (S)-6-Benzyloxy-3-(N)-hydroxylamino-2,3- 
dihydrobenzofuran, (ca 10 mg) was dissolved in ca 0.5 ml of THF (seive-dried) 
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and ca. 50 pJ trimethylsilyl isocyanate (excess) was added. The reaction mixture 
was stirred at ambient temp, under argon over two days during which time the 
mixture went to dryness. The white residual solid was triturated with THF and the 
solid filtered (3 rag) ra.p. si. dec > 190° Chiral HPLC showed this product to be 
5 identical to (S) N-[6-Benzyloxy-2,3-dihydrobenzofuran-3-yl] 

hydroxyurea: Chiracel OJ 4.6 mm x 25 cm column, 60% hexarie, 40% EtOH 
isochratic mobile phase, flow rate 1 ml/rain (210nm) S-17.9m, (R-12.1m, no 
peak). 

10 

Under alternative conditions : 
c) fSVHvdroxvlamine Conversion to (S)-Hvdroxvurea 

A portion of (S)-6-Benzyloxy-3-(N)-hydroxylamino-2,3- 
dihydrobenzofuran (1.4 g) was stirred in 15 ml THF at ambient temp, under argon 
15 (solid form of powder and lumps - fairly insoluble) in trimethylsilylisocyanate 
(1 .1 1 ml) was added in a single portion. An immediate white precipitate formed 
which became heavy and restricted stirring lumps of starting material still evident 
An additional 15 ml. of 1HF was added and the reaction mixture was heated to 
reflux. Reaction mixture gradually became of smooth consistency but insoluble 
20 white material remained. Reaction mixture was refluxed for 1 hour and then was 
cooled and filtered to give a white solid, 1.3 lg (80%). Reverse phase HPLC- 
Rainin. Grad. Zorbax 4.6 mm x 15 era column, RX C8, 50% MeOH, 0.1% TFA 
(aq.) (5 min) 10 min to 90% MeOH, 0.1% TFA/aq.) (10 min.), flow rate lml/min; 
single peak (ca 100%) 10.7 min. Chiral HPLC assay: Chiracel OJ/4.6 ram x 
25 25cm column 40% EtOH:60% Hexane isochratic, lml/min, UV 210nm Single 
peak 18.3 min (S-enant). (R enant 12.3 min - no peak) m.p. 190-194°C dec. 
1 HNMR & 13 CNMR spectra obtained (CDs^SO (Gaspe) - consistent Mass 
spectrum (PI) - 301 (Daltons) - consistent. 

A sample (37 mg) of the reaction product was triturated with EtOH 
30 (reflux) to give 33 mg of crystalline solid. Sample vacum dried. Calc'd for 
Ci6Hi6N 2 0 4 :C, 63.99; H, 5.37; N, 9.33. Found: C, 63.86; H, 5.30; N, 9.15. 
M d°(1,DMF) + 90.2°. 

EXAMPLE 4 

35 fSVN-r6-Be nzyloxv-2.3-dihvdrobenzofuran>3-vnhvdroxylamine. 

To a 22 L. flask equipped with a mechanical stirrer, thermometer and 
reflux condenser was placed (R,S)-N-[6-benzyloxy-2,3-dihydrobenzofuran-3- 
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yl]hydroxylaraine (551.0 g, 2.14 mol) in MeOH (17 L), and the resulting mixture 
was heated to reflux. To the refluxing mixture was added all at once a solution 
of(S)-(+)-raandelic acid (325.8 g, 2.14 mol) in MeOH (0.5 L). Heating was 
continued for 5 min, then the mixture was allowed to slowly cool. When the 
5 temperature reached 50°C, a seed crystal was added to the mixture, and the solid 
which formed was collected by filtration and dried. HPLC analysis of the 
collected solid showed it to contain 85:15 (S):(R)-N-[6-benzyloxy-2,3- 
dihydrobenzofuran-3-yl]hydroxylamine. The solid (513.6 g) was placed in a 22 L 
flask containing EtOAc (12 L), then was stirred and heated at 70°C for 0.5 h and 
10 slowly allowed to cool. When the temperature reached 50°C, a seed crystal was 
added to the mixture, and the solid which formed was collected by filtration and 
dried. HPLC analysis of the collected solid showed it to contain >99% (S)-N-[6- 
benzyloxy-2,3-dihydrobenzofuran-3-yl]hydroxylamine. The solid was placed in a 
22 L separatory flask to which was added cold H20 (3 L) and EtOAc (6 L). The 
15 pH was adjusted to pH 9 by the addition of cone. NH4OH. The layers were 
separated, and the aqueous phase was extracted with EtOAc (2x2 L). The 
combined organic extracts were washed with H2O (2x3 L), dried (Na2S04) and 
concentrated under reduced pressure to afford the title compound (144.0 g, 52.3% 
of total possible (S)-enantioraer). 
20 Chiral HPLC assays were determined on samples of (S)-N-[6-benzyloxy- 

2,3-dihydrobenzofuran-3-yl]hydroxylamine-(S)-mandelate which were converted 
to free hydroxylamine by dissolving the salt in EtOAc and adding H2O and excess 
aqueous NH4OH. The assay system consisted of a Chiralpak AD column (4.6 
ram x 25 cm), which was eluted with 10% isopropanol/hexane at a flow rate of 1 
25 mL/rain using a uv detector at 210 nm. A single peak was observed at 24.2 min. 

EXAMPLE 5 

fSVN-r6-Benz vIoxv-2.3-dihvdrobenzofuran-3-vnhvdroxvurea 



30 To a 5L, 3-necked flask equipped with a mechanical stirrer, thermometer 

and condenser with CaCl2 drying tube was added under a N2 atmosphere (S)-N- 
[6-benzyloxy-2,3-dihydrobenzofuran-3-yl]hydroxylamine (129.0 g, 0.501 mol) in 
THF (2.6 L). The resulting mixture was stirred at room temperature for 0.5 h, at 
which time was added in one portion, trimethylsilylisocyanate (107.2 mL, 86.6 g, 

35 0.752 mol). The mixture was then heated at reflux for 15 min, then was cooled to 
5°C with an ice bath. The precipitate which formed was collected by filtration to 
afford a white solid. A second crop of peach-colored solid was obtained from 
concentration of the filtrate. This was taken up in a minimum of DMF, heated and 
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treated with Darco. Filtration and cooling afforded a white solid which was 
collected, dried and combined with the first crop. The combined solids were 
dissolved in EtOH (20 vol), heated to reflux, cooled, collected and dried to afford 
the title compound (105.4 g, 70.2%); m.p. 192.5-193°C. 

Analysis by reversed-phase HPLC (Zorbax RX C8 column, 4.6 mm x 15 
cm; mobile phase of 0.1:50:50 TFA/MeOH/H20) gave a single peak and chiral 
HPLC (Chiracel OJ, 4.6 ram x 25 cm; mobile phase of 40:60 EtOH/hexane; flow 
rate 1.0 mL/min; uv detector at 210 nm) gave a single peak at 18.3 min. 

EXAMPLE 6 

( r R.SVN-(6-Benzvloxv-2.3-dih vdroben2ofuran-3-vlVhvdroxvamine 

a) 6-Hvdroxy-3-oxo-2.3-Dihvdrobenzofuran 

To a stirred solution of resorcinol (16.0. kg, 145 moles), chloroacetonitrile 
(13.2 kg, 175 moles) and ethyl acetate (193 kg, 214 L)under nitrogen was added 
zinc chloride (11.0 kg, 80.8 moles) and the mixture cooled to 5°C. Hydrogen 
chloride gas (31.2 kg, 855 moles) was bubbled in at such a rate that the internal 
temperature did not exceed 30°C. The thick slurry was stirred for an additional 2 
hours and the solvent removed by vacuum distillation. Water (80 L) was added 
and the residual ethyl acetate removed by vacuum distillation. The mixture was 
heated to 60°C and stirred for 1 hour. The temperature was cooled to 20°C and 
then t-butyl methyl ether (146 L, 1 13 kg) was added and the mixture stirred for 15 
minutes. The aqueous layer was separated and the organic layer washed with 
water (50 L). The layers were separated and the organic layer removed by 
vacuum distillation. 95% Ethanol (50 L) was added and the distillation continued 
until all of the t-butyl methyl ether had been removed. Then 95% ethanol (220 L) 
was added followed by the addition of sodium acetate (21.8 kg, 266 moles) and 
the mixture heated to reflux for 1 hour. Additional sodium acetate (3.54 kg, 43.2 
moles) was added and the mixture refluxed for an additional 1 hour. The mixture 
was cooled to 5°C and the solid collected by centrifugation. This was washed 
with 95% ethanol (51 L), water (800 L), 95% ethanol (29 L) and hexane (30 L). 
The material was dried at 40°C under vacuum to afford the desired product 
(16.5 kg, 75%) which was used without any further purification. 

b) 6-Benzvloxv-2.3-dihvdro-3-oxo-henzofuran 

To a stirred solution of 6-hydroxy-3-oxo-2,3-dihydrobenzofuran of 
Example 6(a) (32 kg, 213 moles) in DMF (192 L) was added potassium carbonate 
(31.0 kg, 224 moles). After stirring for 5 min. at room temperature, benzyl 
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bromide (45.2 kg, 264 moles) was added and the resulting mixture was stirred for 
2 hours at room temperature. The mixture was poured into water (651 L), stirred 
for 30 minutes and the product collected by centrifugation. The crude solid was 
washed with water (580 L), 80% ethanol (100 L) and dried under vacuum to 
afford the desired product (49.1 kg, 95%) which was used without any further 
purification. 

c) ^Pen^Q^^-DihydrQ^nzQfyran^-PTcime 

A stirred mixture of 6-benzyloxy-2,3-dihydro-3-oxo-benzofuran of 
Example 6(b) above (24 kg, 99.9 moles), hydroxylamine hydrochloride (15.0 kg, 
216 moles), sodium acetate (24.6 kg, 300 moles) and ethanol (216 L) was heated 
at reflux for 2 hours. The mixture was poured into water (534 L) and the vessel 
was rinsed with 95% ethanol (20 L) and this added to the water mixture and 
stirred for 1 hour. The solid was collected by centrifugation, washed with water 
(670 L), 95% ethanol (80 L), and dried at 55°C under vacuum to afford the 
desired product as an orange solid (24.3 kg, 95%) which was used without any 
further purification. 

d) fR.SVN-f6-Benzvloxv-2.3-dihvdrobenzofuran-3-vn-hvdroxvlamine 

To a stirred mixture of 6-benzyloxy-2,3-dihydrobenzofuran-3-oxirae of 
Example 6(c) above, (16.0 kg, 62.7 moles) in methanol (200 L) and 
dichloromethane (200 L) cooled to 5°C was added pyridine-borane complex (32.1 
kg, 345 moles). A solution of 6 N HCI (60.0 L, 360 moles) was added at such a 
rate that the internal temperature did not exceed 10°C and the resulting solution 
was stirred for 18 hours at ambient temperature. The solvents were removed 
under reduced pressure and then tert-butyl methyl ether (50 kg) was added 
followed by 3 N HCI (64 L, 192 moles). The reaction mixture was stirred for 2 
hours at room temperature and the crude solid collected by centrifugation and 
washed with water (50 L). The wet cake was suspended in water (192 L) and the 
pH adjusted to 6.5 - 7.0 with 50% NaOH (4.0 L). The mixture w28 
as allowed to stir overnight at ambient temperature. The pH was adjusted to 9.5 
with concentrated NH4OH (2.8 kg), stirred for 30 rain, the product collected by 
centrifugation, washed with water (230 L), 95% ethanol (80 L) and dried at 55°C 
under vacuum to afford an off white solid (14.2 kg, 88%) which was used without 
further purification. 
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(SVN-(6-Benzvloxv-2.3-dihvdro benzofuran-3- vn-N-hvdroxvurea 

(a)g)-N-^-BenzylQxy-23-djhydrQ^en^ofqran-3-y|)hydrQ?{y|amine 1 (S)-(-f)- 
mandelic acid salt 

To a stirred refluxing suspension of (R,S)-N-(6-benzyloxy-2,3- 
dihydrobenzo-furan-3-yl)-hydroxylaraine of Example 6(d), (14.0 kg, 54.4 moles) 
in methanol (460 L) was added a solution of S-(+)-mandelic acid (8.29 kg, 54.5 
moles) in methanol (30 L). The resulting clear solution was refluxed for 30 min 
and allowed to cool, with stirring, to 38-40°C over a 1.5 hour period. When the 
reaction mixture had cooled to 39°C, it was seeded with S)-N-(6-benzyloxy-2,3- 
dihydrobenzofuran-3-yl)hydroxylamine, (S)-(+>mandelic acid salt (4 g) and the 
temperature was held at 34-36°C for 30 min. The suspension was then cooled to 
20-25°C over 1 hour and stirred for 4 hours at this temperature. The solid 
collected by centrifugation, washed with ethyl acetate (35 L) and dried under 
vacuum at 45-50°C to afford a white solid (7.70 kg, 34%) which was used without 
further purification. Chiral HPLC analysis showed an optical purity of 99.4% of 
the desired (S)-enantioraer. 

b^ fSVN-f6-Benzvloxv-2.3-dihvdrobenzofuran-3-vnhvdroxvlamine 

To a stirred suspension of (S)-N-(6-benzyloxy-2,3-dihydrobenzofuran-3- 
yl)hydroxylamine, (S)-(+)-mandelic acid salt of Example 7(a) above, (18.0 kg, 
44.0 moles) in water <174 L) and ethyl acetate (465 L) was added concentrated 
NH4OH (ca. 4.4 L) until a pH of ca. 9.5 was achieved. The solution was stirred 
for 15 min. and the layers separated. The aqueous layer was washed with ethyl 
acetate (2 x 100 L) and the organic layers were combined and washed with water 
(3 x 175 L). The layers were separated and the ethyl acetate was distilled under 
reduced pressure until a solid started to appear. Hexane (300 L) was added and 
the temperature lowered to 5°C and stirred for 1 hour. The product was collected 
by centrifugation, washed with hexane (90 L) and dried under vacuum to afford a 
white solid (10.2 kg, 90%) which was used without any further purification. The 
product was greater than 99% e.e. as determined by chiral HPLC. 

c) (SVN-f6-Benzvloxv-2.3-dihvdrobenzofuran-3-vn>N-hvdroxvurea 

To a stirred solution of (S)-N-(6-benzyloxy-2,3-dihydrobenzofuran-3- 
yl)hydroxyaraineof Example 7(b) above, (10.0 kg, 38.9 moles), DMF (50.0 L), 
and acetic acid (3.34 L) cooled to 5°C was added in one portion, a cooled (0°C) 
solution of potassium cyanate (4.73 kg, 58.3 moles) in water (9.0 L). This was 
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added at such a rate that the internal temperature did not exceed 10°C. The 
resultant suspension was stirred for 30 min at room temperature. Water (213 L) 
was added and the mixture stirred for 1 hour at ambient temperature. The product 
was collected by centrifugauon and the wet cake washed with water (425 L) and 

5 95% ethanol (40 L). The product was isolated an dried at 45-50°C under vacuum 
to afford the crude product (1 1.4, 97%) as an off white solid. The crude product 
(1 1.0 kg) was recrystallized from DMF/TBME (1 10 L/233 L)) and washed with 
TBME (89 L) to afford the desired compound (9.1 kg, 83%) as a white solid after 
drying at 45-50°C under vacuum. The product was greater than 99% e.e. as 

10 determined by chiral HPLC. 



EXAMPLE 8 

fR.S)-N-r6-(2.6-Diflurohenzvloxv1-2.3-dihvdr obenzofuranvn-N-hvdroxvlamine 

15 a)6-f2.6-Difluroben2vloxvV3-oxo-2.3-d ihvdrohen7.nfMran 

To a stirred solution of 6-hydroxy-3-oxo-2,3-dihydrobenzofuran (100 g, 
0.67 moles) in DMF (600 mL) was added potassium carbonate (185 g, 1.3 moles). 
After stirring for 5 min. at room temperature, a solution of a-bromo-2,6- 
difluorotoluene (171.8 g, 0.83 moles) in DMF (100 mL) was added and the 

20 resulting mixture was stirred for 3 hours at room temperature. The mixture was 
poured into water (2.5 L), stirred for 30 minutes and the product collected by 
filtration. The crude solid was washed with water (4 L), absolute ethanol (500 
mL) and dried under vacuum to afford the desired product (185 g, 99%) which 
was used without any further purification. Mp 134 - 138°C; 300 MHz i HNMR 

25 (CDCI3): d 4.61 (s, 2 H); 5. 17 (s, 2 H); 6.67 - 6.70 (ra, 2 H); 6.91 - 6.99 (m, 2 H); 
7.31 - 7.41 (m, 1 H); 7.56 (d, 1 H). 

b)6-r2.6-DiflnrnhenzvloxvV3-o ximino-2.3-dihvdrohen7.nfnran 
A stirred mixture of 6-(2,6-difluorobenzyloxo)-3-oxo-2,3- 

30 dihydrobenzofuran (185 g, 0.67 moles), hydroxylamine hydrochloride (95.9 g, 
1.38 moles), sodium acetate (109.9 g, 1.34 moles) and ethanol (1.4 L) was heated 
at reflux for 3 hours. The mixture was poured into water (2.4 L) and the flask 
rinsed with water (1 L). The orange solid was collected by filtration, washed with 
hexane (2 L) and dried at 55°C under vacuum to afford the desired product as an 

35 orange solid (1 88.4 g, 96%) which was used without any further purification. Mp 
166 - 172°Q 300 MHz * HNMR (CDCI3): (mixture of syn and anti isomers) d 
5.02 (s, 0.5 H); 5.12 (s, 2 H); 5.20 (s, 1.5 H); 6.50 - 6.68 (m, 2 H); 6.89 - 7.00 (ra, 
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25 



30 



2 H); 7.28 - 7.41 (ra, 1 H); 7.48 (d, 0.75 H); 7.50-7.70 (br s, 1 H); 8.17 (d, 0.25 
H). 

cUR.SVN-r6-f2.6-Diflurobenzv1nxvV7^- f 1i hvdrohen7nfnranvn-N- 
hvdroxvlamine 

To a stirred mixture of 6-(2,6-difluorobenzyloxy)-3-oximino-2,3- 
dihydrobenzofuran (161.0 g, 0.55 moles) in methanol (1.8 L) and dichloromethane 
(1.8 L) cooled to 5°C was added pyridine-borane complex (286 g, 3.1 moles). A 
solution of 6 N HC1 (540 raL) was added at such a rate that the internal 
temperature did not exceed 10°C and the resulting solution was stirred for 18 
hours at ambient temperature. The solvents were removed under reduced pressure 
and then ferr-butyl methyl ether (560 mL) was added followed by 3 N HC1 (560 
mL). The reaction mixture was stirred for 2 hours at room temperature and the 
crude solid collected by filtration and washed with water (500 mL). The wet cake 
was suspended in water (310 mL) and the pH adjusted to 6.5 with 50% NaOH (40 
mL). The mixture was allowed to stir overnight at ambient temperature. The pH 
was adjusted to 9.5 with concentrated NH4OH, stirred for 1 hour, the product 
collected by filtration, washed with water (500 mL) and dried at 55°C under 
vacuum to afford an off white solid (146.2 g, 90%) which was used without 
further purification. Mp 146 - 150°C; 300 MHz i HNMR (DMSO-d6): d 4.44 - 
4.46 (m, 2 H); 4.49 - 4.54 (m, 1 H); 5.04 (s, 2 H); 6.04 (br s, 1 H); 6.46 - 6.49 (m, 
2 H); 7.1 1 - 7.19 (m, 2 H); 7.24 (d, 1 H); 7.45 - 7.53 (m, 2 H). 

EXAMPLE 9 

(S)-(+)-N-3-r6-f2.6-Difluorobenzv1oxv% 2,3-Dihvdrohenzofuranvn-N- 

hvdroxvurea 

a) (S)-N-r6-r2.6-DifluorobenzvloxvV2.3 -dihvdrohenzofuranvn-hvdroxvIamine. 
(S)-(-Q-mandelic acid gait 

A stirred suspension of (R,S)-N-[6-(2,6-difluorobenzyloxy)-2,3- 
dihydrobenzo-furanyl]-N-hydroxylamine of Example 6 above (93.7 g, 0.32 moles) 
and S-(+)-mandelic acid (48.8 g, 0.32 moles) in ethyl acetate (1.87 L) was heated 
to reflux to afford a nearly clear solution. The solution was filtered through a 
Buchner funnel (to remove particulate matter) and allowed to cool, with stirring, 
to room temperature over a one hour period which caused crystallization. The 
suspension was stirred at ambient temperature for 2 hours, the solid collected by 
filtration, washed with ethyl acetate (100 mL) and dried under vacuum at40°C to 
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afford 50.6 g of a white solid. Chiral HPLC indicated a 5:1 diastereomeric ratio. 
Several lots of crude (S)-N-[6-(2,6-difluorobenzyloxy)-2,3-dihydrobenzofuranyl]- 
hydroxylamine, (S)-(+)-raandelic acid salt (60.9 g, 0.137 moles) was suspended in 
ethyl acetate (1.85 L), heated to reflux, filtered and the filtrate allowed to slowly 
5 cool, with stirring, to ambient temperature. The mixture was then cooled and 
stirred at 15°C for one hour. The product was collected by filtration, washed with 
ethyl acetate and dried under vacuum to afford 41.4 g of a white solid. The 
product was greater than 99% e.e. as determined by chiral HPLC. Mp 140 - 
145°C; [a] D = +161 .57° (c 1.08, MeOH, ); 300 MHz i HNMR (DMSO-d6): d 
10 4.44 - 4.46 (m, 2 H); 4.47 - 4.54 (m, 1 H); 5.00 (s, 1 H); 5.04 (s, 2 H); 6.46 - 6.49 
(m, 2 H); 7.1 1 - 7.19 (m, 2 H); 7.23 - 7.42 (complex m, 6 H); 7.45 - 7.55 (m, 2 H). 

bU$)-N-r6-f2.6-Difluorobenzvloxv)-2.3-Dihvdrnh enzofuranvn-hvdroxvlamine 
To a stirred suspension of (S)-N-[6-(2,6-difluorobenzyloxy)-2,3- 

15 dihydrobenzo-furanyl]-hydroxylamine, (S)-(+)-mandelic acid salt of part Example 
9 (a) (45.4 g, 0.10 moles) in water (425 mL) and ethyl acetate (1.0 L) was added 
concentrated NH4OH (ca. 15 mL) until a pH of ca. 9.5 was achieved. The 
solution was stirred for 15 min. and the layers separated. The aqueous layer was 
washed with ethyl acetate (2 x 210 mL) and the organic layers were combined and 

20 washed with water (2 x 425 mL). The layers were separated and the ethyl acetate 
was distilled under reduced pressure until a solid started to appear Hexane (850 
mL) was added and the temperature lowered to 5°C and stirred for 1 hour. The 
product was collected by filtration, washed with hexane and dried under vacuum 
to afford a white solid (27.7 g, 93%) which was used withoutany further 

25 purification. The product was greater than 99% e.e. as determined by chiral 
HPLC. Mp 1 18 - 120°C; [a] D = +20.89° (c 1.45, MeOH V. 300 MHz * HNMR 
(DMSO-d6): d 4.44 - 4.46 (m, 2 H); 4.47 - 4.51 (m, 1 H); 5.04 (s, 2 H); 5.91 (s, 1 
H); 6.46 - 6.49 (m, 2 H); 7. 1 1 - 7.20 (m, 2 H); 7.24 (d, 1 H); 7.45 - 7.55 (m, 2 H). 

30 c) (S)-f+)-N-3-r6-(2.6-Difluorobenzvloxv1-2.3- Dihvdrobenzofuranvn-N- 
hvdroxvurea 

To a stirred solution of (S)-(+)-N-3-[6-(2,6-difluorobenzyloxy)-2,3- 
dihydrobenzofuranyl]-N-hydroxylamine of Example 7(b) above (27.7 g, 0.094 
moles), DMF (123 mL), and acetic acid (8.2 mL) cooled to 5°C was added in one 
35 portion, a solution of potassium cyanate ( 1 1 .6 g, 0. 143 moles) in water (2 1 mL). 
The resultant suspension was stirred for 30 min at room temperature. Water (480 
mL) was added and the mixture stirred for 1 hour at ambient temperature. The 
product was collected by filtration and the wet cake slurried in water (500 mL). 
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The product was isolated an dried at 50°C under vacuum to afford the crude 
product (29.5 g, 92%) as an off white solid. The material was recrystallized from 
DMF/TBME/H2O (150 mL/500 raL/500 mL) followed by a hexane (500 mL) 
slurry to afford the desired compound (25.6 g, 80%) as a white solid after drying. 

5 The product was greater than 99% e.e. as determined by chiral HPLC. ; [ocfc = 
+77.79° (c 1.18, MeOH);2QQMHz * HNMR (DMSO-d6): d 4.43 - 4.48 (ra, 1 H); 
4.56 (t, 1 H); 5.04 (s, 2 H); 5.76 - 5.81 (ra, 1 H); 6.48 - 6.51 (m, 4 H); 7.07 (d, 1 
H); 7.12 - 7.20 (m, 2 H); 7.46 - 7.56 (m, 1 H); 9.12 (s, 1H); mass spectrum 
CI/CH4 m/e 337 (M+ H)+. Anal. Calcd for C16H14F2N2O4: C, 57.15; H, 4.20; 

10 F, 11.30; N, 8.33. Found: C, 57.33; H, 4.12; F, 10.98; N, 8.27. 



EXAMPLE 1Q 

R.SVN-f6-Ben zvloxv-23-dihvdrobenzofuran-3-vn-hvdroxvlamine 

15 

a> 6-Hvdroxv-3-oxo-2.3-Dihvdrobenzofunin 

To a stirred solution of resorcinol (16.0 kg, 145 moles), chloroacetonitrile 
(13.2 kg, 175 moles) and ethyl acetate (193 kg, 214 L)under nitrogen was added 
zinc chloride (11.0 kg, 80.8 moles) and the mixture cooled to 5°C. Hydrogen 

20 chloride gas (31.2 kg, 855 moles) was bubbled in at such a rate that the internal 
temperature did not exceed 30°C. The thick slurry was stirred for an additional 2 
hours and the solvent removed by vacuum distillation. Water (80 L) was added 
and the residual ethyl acetate removed by vacuum distillation. The mixture was 
heated to 60°C and stirred for 1 hour. The temperature was cooled to 20°C and 

25 then t-butyl methyl ether (146 L, 1 13 kg) was added and the mixture stirred for 15 
minutes. The aqueous layer was separated and the organic layer washed with 
water (50 L). The layers were separated and the organic layer removed by 
vacuum distillation. 95% Ethanol (50 L) was added and the distillation continued 
until all of the t-butyl methyl ether had been removed. Then 95% ethanol (220 L) 

30 was added followed by the addition of sodium acetate (21.8 kg, 266 moles) and 
the mixture heated to reflux for 1 hour. Additional sodium acetate (3.54 kg, 43.2 
moles) was added and the mixture refluxed for an additional 1 hour. The mixture 
was cooled to 5°C and the solid collected by centrifugation. This was washed 
with 95% ethanol (51 L), water (800 L), 95% ethanol (29 L) and hexane (30 L). 

35 The material was dried at 40°C under vacuum to afford the desired product (16.5 
kg, 75%) which was used without any further purification. 
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b) 6-Benzvloxv-2.3-dih vdro-3-oxo-benzofuran 

To a stirred solution of 6-hydroxy-3-oxo-2,3-dihydrobenzofuran of 
Example 10 (a) (32 kg, 213 moles) in DMF (192 L) was added potassium 
carbonate (31.0 kg, 224 moles). After stirring for 5 min. at room temperature, 
benzyl bromide (45.2 kg, 264 moles) was added and the resulting mixture was 
stirred for 2 hours at room temperature. The mixture was poured into water (651 
L), stirred for 30 minutes and the product collected by centrifugation. The crude 
solid was washed with water (580 L), 80% ethanol (100 L) and dried under 
vacuum to afford the desired product (49.1 kg, 95%) which was used without any 
further purification. 

C) 6-Benzvloxv-2.3-Dihvdrobenzofuran-3-nximft 

A stirred mixture of 6-benzyloxy-2,3-dihydro-3-oxo-benzofuran of 
Example 10 (b) above (24 kg, 99.9 moles), hydroxylamine hydrochloride (15.0 
kg, 216 moles), sodium acetate (24.6 kg, 300 moles) and ethanol (216 L) was 
heated at reflux for 2 hours. The mixture was poured into water (534 L) and the 
vessel was rinsed with 95% ethanol (20 L) and this added to the water mixture and 
stirred for 1 hour. The solid was collected by centrifugation, washed with water 
(670 L), 95% ethanol (80 L), and dried at 55°C under vacuum to afford the 
desired product as an orange solid (24.3 kg, 95%) which was used without any 
further purification. 

d) rR.SVN-f6-Benzvloxv-2.3>dihvdrnh enzofuran-3wlVhvdroxvlamine 

To a stirred mixture of 6-benzyloxy-2,3-dihydrobenzofuran-3-oxime of 
Example 10 (c) above, (16.0 kg, 62.7 moles) in methanol (200 L) and 
dichloromethane (200 L) cooled to 5°C was added pyridine-borane complex (32.1 
kg, 345 moles). A solution of 6 N HC1 (60.0 L, 360 moles) was added at such a 
rate that the internal temperature did not exceed 10°C and the resulting solution 
was stirred for 18 hours at ambient temperature. The solvents were removed 
under reduced pressure and then tert-butyl methyl ether (50 kg) was added 
followed by 3 N HC1 (64 L, 192 moles). The reaction mixture was stirred for 2 
hours at room temperature and the crude solid collected by centrifugation and 
washed with water (50 L). The wet cake was suspended in water (192 L) and the 
pH adjusted to 6.5 - 7.0 with 50% NaOH (4.0 L). The mixture was allowed to stir 
overnight at ambient temperature. The pH was adjusted to 9.5 with concentrated 
NH4OH (2.8 kg), stirred for 30 min, the product collected by centrifugation, 
washed with water (230 L), 95% ethanol (80 L) and dried at 55°C under vacuum 
to afford an off white solid (14.2 kg, 88%) which was used without further 
purification. 
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EXAMPLE 11 

fSVN-(6-Benzvloxv-23-dihvdrobenzofuran-3-vlVN-hvdroxvurea 

(a ) S VN-f6-Benzvloxv-2.3-dihvdrobenzofuran-3-vnhvdroxvlamine. ( S W +V 
mandelic acid salt 

To a stirred refluxing suspension of (R,S)-N-(6-benzyloxy-2,3- 
dihydrobenzo-furan-3-yl)-hydroxylamine (14.0 kg, 54.4 moles) in methanol 
(460 L) was added a solution of S-(+)-mandelic acid (8.29 kg, 54.5 moles) in 
methanol (30 L). The resulting clear solution was refluxed for 30 min and 
allowed to cool, with stirring, to 38-40°C over a 1.5 hour period. When the 
reaction mixture had cooled to 39°C, it was seeded with S)-N-(6-Benzyloxy-2,3- 
dihydrobenzofuran-3-yl)hydroxylamine, (S)-(+)-mandelic acid salt (4 g) and the 
temperature was held at 34-36°C for 30 min. The suspension was then cooled to 
20-25°C over 1 hour and stirred for 4 hours at this temperature. The solid 
collected by centrifugation, washed with ethyl acetate (35 L) and dried under 
vacuum at 45-50°C to afford a white solid (7.70 kg, 34%) which was used without 
further purification. Chiral HPLC showed an optical purity of 99.4% of the 
desired (S)-enantiomer. 

b^ fSVN-f6^B enzvloxv-2.3-dihvdrobenzofuran-3-vnhvdroxvlamine 

To a stirred suspension of (S)-N-(6-benzyloxy-2,3-dihydrobenzofuran-3- 
yl)hydroxylamine, (SM+)-mandelic acid salt, (18.0 kg, 44.0 moles) in water (174 
L) and ethyl acetate (465 L) was added concentrated NH4OH (ca. 4.4 L) until a 
pH of ca. 9.5 was achieved. The solution was stirred for 15 min. and the layers 
separated. The aqueous layer was washed with ethyl acetate (2 x 100 L) and the 
organic layers were combined and washed with water (3 x 175 L). The layers 
were separated and the ethyl acetate was distilled under reduced pressure until a 
solid started to appear. Hexane (300 L) was added and the temperature lowered to 
5°C and stirred for 1 hour. The product was collected by centrifugation, washed 
with hexane (90 L) and dried under vacuum to afford a white solid (10.2 kg, 90%) 
which was used without any further purification. The product was greater than 
99% e.e. as determined by chiral HPLC. 

c) fSVN-f6-Be nzvloxv-2.3-dihvdrQhenzofuran-3-vlVN-hvdroxvurea 

To a stirred solution of (S)-N<6-benzyloxy-2,3-dihydrobenzofuran-3- 
yl)hydroxylamine (10.0 kg, 38.9 moles), DMF (50.0 L), and acetic acid (3.34 L) 
cooled to 5°C was added in one portion, a cooled (0°C) solution of potassium 
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cyanate (4.73 kg, 58.3 moles) in water (9.0 L). This was added at such a rate that 
the internal temperature did not exceed 10°C. The resultant suspension was 
stirred for 30 min at room temperature. Water (213 L) was added and the mixture 
stirred for 1 hour at ambient temperature. The product was collected by 
5 centrifugation and the wet cake washed with water (425 L) and 95% ethanol (40 
L). The product was isolated an dried at 45-50°C under vacuum to afford the 
crude product (1 1.4, 97%) as an off white solid. The crude product (1 1.0 kg) was 
recrystallized from DMF/TBME (1 10 L/233 L) and washed with TBME (89 L) to 
afford the desired compound (9.1 kg, 83%) as a white solid after drying at 45- 
10 50°C under vacuum. The product was greater than 99% e.e. as determined by 
chiralHPLC 



The above description fully discloses the invehtion including 
15 preferred embodiments thereof. Modifications and improvements of the 

embodiments specifically disclosed herein are within the scope of the following 
claims. Without further elaboration, it is believed that one skilled in the art can, 
using the preceding description, utilize the present invention to its fullest extent 
Therefore the Examples herein are to be construed as merely illustrative and not a 
20 limitation of the scope of the present invention in any way. The embodiments of 
the invention in which an exclusive property or privilege is claimed are defined as 
follows. 
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What is Claimed is: 

1. A process for resolving a mixture of enantiomeric hydroxylamines of 
5 formula (I) 

[R*NHOZ] (I) . 

in which [R*NHOZ] is a mixture of enantiomeric hydroxylamines wherein 
R* is an organic radical which contains a chiral carbon to which the 
hydroxylamine group is attached; and 
10 Z is hydrogen or a hydroxyl protecting group; 
which process comprises 

a) treating a mixture of enantiomers of the formula R*NHOZ with a 
homochiral organic acid [HA*] to form a mixture of diasteriomeric acid addition 
salts of the formula 

15 [R*NH20Z]+ [A*]" (II); and 

b) separating the desired diasteriomeric acid addition salt 

2. The process according to Claim 1 wherein the organic radical (R*) is 
selected from: 

20 a) compounds of the formula (IA) 




OA) 



in which one of R2 and R3 is hydrogen; and the other is the chiral carbon (C*) to 
which the hydroxylamine group NHOZ is attached; 
25 W is CH2(CH2)s, <XCH2)s, S(CH2)s, or NR4 (CH2) S ; 

R4 is hydrogen, (Ci-4)alkyl, phenyl, (Ci-6)alkanoyl or aroyl; 
s is a number having a value of 0 to 3, provided that when R2 is hydrogen and W 
is 0(CH2)s or S(CH2)s, then s is 1 to 3 and when W is NR4(CH2)s then s is 1 
to 3 and R3 is hydrogen; 
30 R\ is selected from the group consisting of hydrogen, (Ci-io)alkyl, 

(Ci_io)alkoxy, naphthyl, (CH 2 )m-Ar-(X)v, (CH 2 ) m (C=C) n (CH 2 )p-Ar-(X)v, 
0(CH 2 ) m Ar-(X) v , S(CH 2 )m-Ar-(X)v, or N(CH 2 )m-Ar-(X)v; 
p is 0 or an integer having a value of 1, 2, or 3; 
ra is 0 or an integer having a value of 1, 2, or 3; 
35 n is 0 or an integer having a value of 1, 2, or 3; 



15 



35 
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v is 0 or an integer having a value of 1 , 2, or 3; 

Ar is selected from the group consisting of phenyl, naphthyl, quinolyl, 

isoquinolyl, pyridyl, furanyl, imidazoyl, benzimidazoyl, triazolyl, oxazolyl, 

isoxazolyl, thiazole, or thienyl; 
5 X is a member selected from the group consisting of hydrogen, halogen, 

(Ci-io)alkyl, (C5-8)cycloalkyl, (C2-10)alkenyl, hydroxy, carboxy(CHY) t , 

(Ci-io)alkoxy, (Ci-io) alkylthio, (Ci-io)alkylsulphinyl, 

(Ci-io)alkylsulphonyl, aryloxy, aryl(Ci-6)alkyloxy, halo(Ci-6)alkyl, 

hydroxy(Ci-6)alkyl, (R5)2N(CHY)f, or cyano; provided that if v is a number 
10 greater then 1 then one substituent must be selected from alkyl, (Ci-io)alkoxy 

or halo; tisOorl; 
R5 is hydrogen or (Ci-6)alkyl; 
Y is hydrogen or (Ci-3)alkyl; 

t' is 0 or l;and if t' is 1 than one of R5 must be hydrogen; or a salt thereof; or 



b) compounds of formula (IB): 



(IB) 

wherein Ai contains the C* (chiral carbon adjacent to the hydroxylamine group 
20 NHOZ attachment); 

A 1 may be a Ci_6 alkylene or C2-6 alkenylene group; 

Y is selected independently at each occurrence from hydrogen, halogen, hydroxy, 
cyano, halosubstituted alkyl, C1-12 alkyl, C2-12 alkenyl, C1-12 alkoxy, 
C3-8 cycloalkyl, C1-12 thioalkyl, aryl, aryloxy, aroyl, C1-12 arylalkyl, 

25 C1-12 arylalkenyl, C1-12 arylalkoxy, C1-12 arylthioalkoxy and 

substituted derivatives of aryl, aryloxy, aroyl, C1-12 arylalkyl, C2-12 
arylalkenyl, C1-12 arylalkoxy, C1-12 arylthioalkoxy wherein substituents 
are selected from halo, nitro, cyano, C 1-12 alkyl, alkoxy, and 
halosubstituted alkyl; 

30 n is 1 to 5; 

X is oxygen, sulfur, S(0)2 or NR] ; 

Rl is hydrogen, Q-6 alkyl, Ci-6 alkanoyl, aroyl, or alkylsulfonyl; 

the dotted line within the five membered ring signifies a single or double bond; 

or a salt thereof; or 



c) compounds of formula (IC): 
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At-CEOC* — 

^2 (IC) 

wherein: 

5 Ai is C5-2O alkyl, cycloalkyl, aryl, aryloxy, arylcycloalkyl, aryloxy alkyl, 

arylalkoxyalkyl, arylthioalkyl, Aryl NH-alkyl, N-Aryl-N-(alkylkaraino alkyl, N- 
(Aryl-alkylamino alkyl), N-(Aryl-alkyl)-N-(alkyl amino)alkyl, optionally 
substitued 2- or 3-furyl, optionally substitued 2- or 3-thienyl, optionally substitued 
benzo(b)furyl, or optionally substitued benzo(b) thienyl; 
1 0 wherein C* denotes the chiral carbon adjacent to which the NHOZ moiety is 
attached; 

Rl and R2 are independently hydrogen, Ci-6 alkyl, aryl, heteroaiyl, 
heteroaryl alkyl, heterocyclyl, heterocyclyl alkyl or C3-8 cycloalkyl, provided that 
Rl and R2 are not both the same. 

15 

3. The process according to Claim 1 wherein the hombchiral organic acid 
HA* is mandelic acid. 

4. The process according to Claim 1 wherein separation of the desired 

20 diasterioraeric acid salt is by disolution into a suitable solvent and crystallization 
thereof. 

5. The process according to Claim 4 wherein the suitable solvent is selected 
from ethyl acetate or an alcohol, or a mixture thereof. 

25 

6. The process according to Claim 5 wherein the alcohol is methanol or 
ethanol. 

7. The process according to Claim 1 wherein the separation is by fractional 
30 crystallisation. 

8. The process according to Claim 1 wherein the diasteriomeric acid addition 
salt is composed of a homochiral organic acid HA* which is either the (+)- or (-)- 
enantiomer. 

35 
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9. The process according to Claim 8 wherein the diasteriomeric acid addition 
salt is composed of a homochiral hydroxylamine [R*NHOZ] which is either the 
(+)-or (-)-enantiomer. 

10. The process according to Claim 9 wherein the [R*NHOZ] [HA*] salt is 
selected from the combinations of (+)(+), (+)(-), (-)(+) or (-)(-) entantiomers. 

1 1 . The process according to Claim 10 wherein the R* is selected from 
Formula (LA) wherein R3 is hydrogen, W is 0(CH2)s, and s is 0; or R* is Formula 
(IC), and one of Ri and R2 is hydrogen and the other is methyl, and Ai is an 
optionally substituted 2-furanyl. 

12. The process according to Claim 1 wherein the diasteriomeric acid addition 
salt is 

(S)-N-(6-benzyloxy-2,3-dmydrobenzofuran-3-yl)hydroxylamine(S)-mandelate; 
(R)-N-(6-benzyloxy-2,3-dmydrobenzoluran-3-yl)hydroxylamine(S)-mandelate; 
(S)-N-(6-[2,6-dmuoro-ben^loxy]-2,3-dmydrobenzofuran-3-yl)hydroxylamine 
(S)-mandelate; 

(R)-N-(6-[2,6-difluro-benzyloxy]-2,3-dihydrobenzofuran-3-yl)hydroxylamine 
(S)-mandelate; 

(S)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylamine (S)-mandelate; 
(R)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylamine (S)-mandelate; 
(S)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylamine (R)-mandelate; 
(R)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylaraine (R)-mandelate; 
(S)- N-(4-[5-(4-Fluorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine 
(S)-mandelate; 

(R)- N-(4-[5-(4-Fluorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine 
(S)-mandelate; 

(S)- N-(4-[5-(4-Fluorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine 
(R)-mandelate; or 

(R)- N-(4-[5-(4-Ruorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine 
(R)-mandelate. 

13. A process for preparing a diastereoisomeric acid addition salt of formula (II) 



in which [R*NHOZ] + is a homochiral hydroxylamine; R* is a homochiral organic 
moiety which contain a chiral carbon to which the NHOZ group is attached, and Z 
is hydrogen or a hydroxyl protecting group; and HA* is a homochiral organic acid; 



fR*NH20Z] + [A*]" 



(H) 
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which process comprises treating the corresponding raceraic or partially resolved 
hydroxylamine [R*NHOZ] with the horaochiral organic acid HA* in a suitable 
solvent, to form a pair of diastereoisomeric acid addition salts. 

14. The process according to Claim 13 wherein the racemic or partially 
resolved hydroxylamine [R*NHOZ] containing the organic radical (R*) is 
selected from: 

a) compounds of the formula (IA) wherein R* is: 



in which one of R2 and R3 is hydrogen; and the other is the chiral carbon (C*) to 

which the hydroxylamine group NHOZ is attached; 
W is CH 2 (CH2) S , 0(CH2)s, S(CH2)s, or NR4(CH2) S ; 
R4 is hydrogen, (Ci-4)alkyl, phenyl, (Ci-6)alkanoyl or aroyl; 
s is a number having a value of 0 to 3, provided that when R2 is hydrogen and W 

is 0(CH2)s or S(CH2) S , then s is 1 to 3 and when W is NR4(CH2)s then s is 1 

to 3 and R3 is hydrogen; 
Rl is selected from the group consisting of hydrogen, (Ci-l0)alkyl, 

(Ci-io)alkoxy, naphthyl, (CH 2 ) m -Ar-(X) v , (CH 2 ) ra (C=C) n (CH 2 VAr-(X)v, 

0(CH2) ra Ar.(X) v , S(CH2)m-Ar-(X)v, or NfC^-Ar-PQv; 
p is 0 or an integer having a value of 1, 2, or 3; 
m is 0 or an integer having a value of 1, 2, or 3; 
n is 0 or an integer having a value of 1, 2, or 3; 
v is 0 or an integer having a value of 1, 2, or 3; 
Ar is selected from the group consisting of phenyl, naphthyl, quinolyl, 

isoquinolyl, pyridyl, furanyl, imidazoyl, benzimidazoyl, triazolyl, oxazolyl, 

isoxazolyl, thiazole, or thienyl; 
X is a member selected from the group consisting of hydrogen, halogen, 

(Ci-io)alkyl, (C5-8)cycloalkyl, (C2-10)alkenyl, hydroxy, carboxy(CHY)t, 

(Ci-io)alkoxy, (Ci-io) alkylthio, (Ci-io)alkylsulphinyl, 

(Ci-io)alkylsulphonyl, aryloxy, aryl(Ci-6)alkyloxy, halo(Ci-6)alkyl, 

hydroxy(Ci-6)alkyl, (R5)2N(CHY)t, or cyano; provided that if v is a number 

greater then 1 then one substituent must be selected from alkyl, (Ci-io)alkoxy 

or halo; 

R5 is hydrogen or (Ci-6)alkyl; 
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Y is hydrogen or (Ci-3)alkyl; 

tisOorl; or a pharmaceutically acceptable salt, thereof ; or 



b) compounds of formula (IB): 




(IB) 

wherein Ai is contains the C* (chiral carbon adjacent to the hydroxylamine group 
NHOZ attachment); 
10 Ai may be a Ci_6 alkylene or C2-6 alkenylene group; 

Y is selected independently at each occurrence from hydrogen, halogen, hydroxy, 
cyano, halosubstituted alkyl, Q-12 alkyl, C2-12 alkenyl, C1-12 alkoxy, 
C3-8 cycloalkyl, C1-12 thioalkyl, aryl, aryloxy, aroyl, C1-12 arylalkyl, 
Cl-12 arylalkenyl, C1-12 arylalkoxy, C1-12 arylthioalkoxy and 
1 5 substituted derivatives of aryl, aryloxy, aroyl, C1-12 arylalkyl, C2-12 

arylalkenyl, C1-12 arylalkoxy, Cl-12 arylthioalkoxy wherein substituents 
are selected from halo, nitro, cyano, C1-12 alkyl, alkoxy, and 
halosubstituted alkyl; 
the dotted line within the five membered ring signifies a single or double bond; 
20 n is 1 to 5; 

X is oxygen, sulfur, S(0)2 or NRi ; 

Rl is hydrogen, Ci-6 alkyl, Ci-6 alkanoyl, aroyl, or alkylsulfonyl; 
or a pharmaceutically acceptable salt thereof; or 

25 c) compounds of formula (IC): 




ac> 



wherein: 

30 A 1 is C5-2O alkyl, cycloalkyl, aryl, aryloxy, arylcycloalkyl, aryloxy alkyl, 

arylalkoxyalkyl, arylthioalkyl, Aryl NH-alkyl, N-Aryl-N-(alkylkamino alkyl, 
N-(Aryl-alkylamino alkyl), N-(Aryl-alkyl)-N-(alkyl amino)alkyl, optionally 
substitued 2- or 3-furyl, optionally substitued 2- or 3-thienyl, optionally substitued 
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benzo(b)furyl, or optionally substitued benzo(b) thienyl; wherein C* denotes the 
chiral carbon adjacent to which the NHOZ moiety is attached; 

Rl and R2 are independently hydrogen, d-6 alkyl, aryl, heteroaryl, 
heteroaryl alkyl, heterocyclyl, heterocyclyl alkyl or C3-8 cycloalkyl, provided that 
Rl and R2 are not both the same. 

15. The process according to Claim 13 wherein the homochiral organic acid 
HA* is mandelic acid. 

10 16. The process according to Claim 13 wherein the diasteriomeric acid 

addition salt is composed of a homochiral organic acid HA* which is either the 
(+)- or (-)-enantiomer. 

17. The process according to Claim 16 wherein the diasteriomeric acid 

1 5 addition salt is composed of a homochiral hydroxylamine [R*NHOZ] which is 
either the (+)- or (-)-enantioraer. 

18. The process according to Claim 17 wherein the [R*NHOZ] [HA*] salt is 
selected from the combinations of (+)(+), (+)(-), (-)(+) or (-)(-) entantiomers. 

20 

19. The process according to Claim 13 wherein the diasteriomeric acid 
addition salt is 

(S)-N-(6-benzyloxy-2,3-dihydrobenzofuran-3-yl)hydroxylamine(S)-mandelate; 
(R)-N-(6-benzyloxy-2,3-dihydrobenzofuran-3<yl)hydroxylamine(S)-mandelate; 
25 (S)-N-(6-[2,6-difluoro-benzyloxy]-2,3-dihydrobenzofuran-3-yl)hydroxylamine- 
(S)-mandelate; 

(R)-N-(6-t2,6-difluro-benzyloxy]-2,3-dihydrobenzofuran-3-yl)-hydroxylamine 
(S)-mandelate; 

(S)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylamine (S)-mandelate; 
30 (R)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylamine (S)-mandelate; 
(S)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylaraine (R)-mandelate; 
(R)- N-(l-benzo[b]thien-2-yl-ethyl)hydroxylamine (R)-mandelate; 
(S)- N-(4-[5-(4-Fiuorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine (S)- 
mandelate; 

3 5 (R)- N-(4-[5-(4-Huorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine (S)- 
mandelate; 

(S)- N-(4-[5-(4-Fluorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine (R)- 
raandelate; or 
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(R)- N-(4-[5-(4-nuorophenoxy)-2-furyl]-3-butyn-2-yl] hydroxylamine (R)- 
raandelate. 

20. The process according to Claim 13 wherein the diasteriomeric acid 
5 additions salts are separated by crystallization. 

21 . The process according to Claim 20 wherein a suitable solvent for 
separation of the organic acid from the homochiral hydroxylamine is ethyl acetate 
or an alcohol; or a mixture thereof. 



10 



22. The process according to Claim 21 wherein the alcohol is methanol or 
ethanol. 
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